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Genetically Modified Organisms (GMOs) are plants or animals that have 
been produced using genetic insertion or deletion via technology (also called 
genetic engineering or GE). Merged DNA from different species creates 
combinations of plant, animal, bacteria and/or virus genes that cannot occur in 
nature or in traditional crossbreeding. 
Our goal was to determine the presence or absence of GMO markers in 
USDA Organic Certified and in Non-GMO Project food products.  We 
investigated only corn or soy-based products that were purchased from many 
types of retailers.  Our study was limited to products that contained a label for 
USDA organic certification and/or Non-GMO Verified Project.  DNA from each 
product was extracted, tested for purity, and examined for specific markers 
denoting the presence of genetic modification.  Modified DNA was amplified 
using PCR techniques and tested against standards on electrophoretic agarose 
gel.  Based on these results, we detected evidence of genetic modification in 
75% of soy and 83.3% of corn claiming USDA Organic Certification and 0% of 
soy and 100% of corn claiming Non-GMO Verified Certification. 
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Introduction 
Genetically Modified Organisms (GMOs) are plants, animals or 
microorganisms that have been altered using genetic insertion or deletion via 
technology (also called genetic engineering or GE). Merged DNA from different 
species creates combinations of plant, animal, bacteria and/or virus genes that 
cannot occur in nature or in traditional crossbreeding. 
Over the last few decades the availability of GMO crops has become more 
diverse and extensive.  Their incorporation into modern production has become a 
mainstay in U.S. agriculture.  In 2014, the USDA estimated that 89% of U.S. corn 
and 94% of U.S. soybean acreage were planted with GMO varieties 
(http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-
crops-in-the-us.aspx).   
The federal Organic Foods Production Act of 1990 established guidelines 
for organic food production. The use of GMO crops and animals is a prohibited 
practice for organic certification.  A private certification group, the Non-GMO 
Project is solely focused on testing for GMO presence in food but not with 
organic certification. Our goal is to investigate the presence of GMO markers in 
USDA Organic Certified and Non-GMO Project food products.  
The importance of detecting GMOs in food has become a hot topic over 
the past few decades.  Some foods are voluntarily labeled as “USDA Certified 
Organic” and or “Non-GMO Verified Project”.  These products lead consumers to 
believe that they are free from genetic contamination.  The NOP (National 
Organic Program) states in its’ rules that “organic” is a process not an end 
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product, therefore as long as the producer follows the rules their product is 
considered “organic”.  Other product labels read as follows “not made with GM 
ingredients but may contain trace amounts”.   The confusion of food labeling is 
even more distorted with terms like natural, wholesome, and free range.  Even 
the well-informed consumer struggles to understand what is truly GMO free.  At 
the beginning of the project two years ago both the NOP and the Non-GMO 
verified project set a zero or very low tolerance for the presence of GM amounts.  
Since then the NOP has developed a process base and the Non-GMO verified 
project allows a tolerance of 0.9% contamination 
(www.nongmoproject.org/about/). These contaminations may not be intentional 
they could result from cross pollination or cross contamination through the use of 
processing equipment.   
We tested products (soy and corn based) that carried a label that 
displayed USDA Certified Organic and or the Non-GMO verified project.  PCR 
(polymerase chain reaction) is the preferred and recommend test for identifying 
genetic modification and is accepted by both organizations.  We chose to look for 
CaMV (Cauliflower Mosaic Virus) and nos (Agrobacterium tumefaciens nopaline) 
primers to identify the products that contain genetic modification.  CaMV and nos 
are used in over 85% of modified crops this is the reason that it is a common test 
to indicate genetic modification. They are used like a Trojan horse to insert the 
desired gene into the host organism.  If CaMV or nos is found in the DNA we can 
conclude that the material tested has been genetically modified.  This is a 
qualitative test that allows us to know that the foreign matter is present.  This test 
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is limited; it does not indicate the type of modification or the amount of foreign 
material present in the DNA.   
Review of Literature 
Corn (Zea mays) and Soybean (Glycine max) make up a large portion of 
the American diet.  The USDA reported that farmers produced 83.6 million acres 
of corn and 81.4 million acres of soy in 2014.  According to the National Corn 
Growers Association (NCGA) 39% of corn grown in America is used to feed 
livestock, 30% for Ethanol production, 13% for exports, and 12% of the corn 
grown is consumed directly by humans in products like corn chips and high 
fructose corn syrup 
(http://www.ncga.com/upload/files/documents/pdf/publications/WOC-2015.pdf).   
Domestically, soybeans provided 75% of the edible consumption of fats and oils 
in the United States (http://soystats.com).  Either through direct or indirect 
consumption, Americans consume an abundance of these two crops.  In the US 
89% of corn and 94% of soy are genetically modified crops 
(http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-
crops-in-the-us.aspx).  
In 1990 the U.S. Congress passed the Organic Foods Production Act.  
This act established the National Organic Program (NOP) and was to be 
administered under the supervision of the Agricultural Marketing Service (AMS) a 
department of the USDA (United States Department of Agriculture).   As stated 
by the USDA: The USDA certified organic label indicates that the food or other 
products have been produced using approved methods. These integrate cultural, 
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biological, and mechanical practices that foster cycling resources, ecological 
balance, and conserve biodiversity. Synthetic fertilizers, sewage sludge, 
irradiation, and genetic engineering are not allowed.  Organic standards are 
process based. The NOP regulations prohibit the use of genetically modified 
organisms, prohibit commingling or contamination during processing and 
handling, and require preventative practices to avoid contact with GMOs. Organic 
agricultural products should have minimal if any GMO contaminants; however, 
organic food products do not have a zero tolerance for the presence of GMO 
material 
(http://www.ams.usda.gov/AMSv1.0/ams.fetchTemplateData.do?template=Templ
ateA&navID=NationalOrganicProgram&leftNav=NationalOrganicProgram&page=
NOPNationalOrganicProgramHome&acct=AMSPW).    
In 2003 the Non-GMO project verify program was established.  The Non-
GMO states on their website that: The Non-GMO Project, a non-profit 501(c) 3 
organization, offers North America’s only third party verification and labeling for 
non-GMO (genetically modified organism) food and products.  The Non-GMO 
Project is a non-profit organization committed to preserving and building sources 
of non-GMO products, educating consumers, and providing verified non-GMO 
choices.  The intent of the program is for the participant to design production 
processes and input specifications that exclude GMOs from the participants’ 
products. This not only requires that one use inputs that are compliant with the 
Non-GMO Project Standard, but also that one employ practices that control 
unintentional contamination with GM material (www.nongmoproject.org/about/).  
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In 1996, the FDA approved genetically modified (GM) soybeans for 
commercial production.  These soybeans were tolerant to the Monsanto’s 
herbicide Roundup™ (glyphosate active ingredient).  In 1997, the German 
company AgrEvo introduced the first herbicide (glufosinate) resistant corn 
variety.  They called it ‘Liberty-Link’™ corn.   At present there are numerous GM 
corn and soybean varieties.   Some of these GM plants tolerate herbicides, 
produce insecticides within the plant and are drought tolerant and disease 
resistant.  
 
A timeline of GMO’s is listed below. 
 1976 US company Monsanto launches its herbicide glyphosate, known 
commercially as Roundup™ 
 1980 US Supreme Court rules that genetically engineered microorganisms 
are patentable. Issued a patent for a bacterium that consumes crude oil to 
cleanup oil spills 
 1982 diabetic medication Humulin created 
 1983 First GM tobacco plant created. 
 1992 - Calgene's GE Flavr Savr™ tomatoes become first GE food on the 
market after approval by FDA 
 1993 US Food and Drug Administration adopt approvals process for GM 
foods, declaring them "not inherently dangerous".  
 1994 - Calgene's GE canola approved by USDA. 
 1994 - Monsanto's first Roundup Ready soybean approved by USDA. 
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 1995 - Monsanto's NewLeaf™ potato, the first pest protected plant, 
approved by the EPA and FDA in 1995. 
 1996 - Monsanto's first GE insect-resistant corn variety approved by 
USDA. 
 1996 First commercial plantings of Monsanto's herbicide-tolerant GM soy 
in USA, engineered to be resistant to its own-brand herbicide Roundup™. 
 1997 - Calgene's GE insect resistant Bt cotton approved by USDA. 
 1998: Monsanto introduces Roundup Ready corn and canola  
 1999 - GE papaya strains developed by Cornell University and the 
University of Hawaii approved by EPA. 
 2005 - Monsanto's Roundup Ready alfalfa approved by USDA. This 
approval was challenged in court and planting of GE alfalfa was 
prohibited. 
 2005 - Monsanto's Roundup Ready sugar beets approved by USDA. This 
approval is challenged in court and planting of GE sugar beets was 
prohibited, although USDA allowed some of the crop to be planted. 
 2009 - Food and Drug Administration approved ATryn, an anticlotting 
agent that is produced in the milk of transgenic goats. This was the first 
U.S. approval of a GE animal. 
 2009 - GE papaya strain developed by University of Florida approved by 
USDA. 
 2010 - USDA approves Syngenta's "stacked" corn variety (MIR162) that 
contains multiple GE traits, including resistance to a variety of corn pests. 
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 2010 - Pioneer's GE soybean, modified to produce increased amounts of 
monounsaturated fatty acids (oleic) and decreased amounts of 
polyunsaturated fatty acids (linoleic and linolenic) approved by USDA. 
 2011 - Monsanto's Roundup Ready alfalfa is approved by USDA, with no 
planting restrictions. 
 2011 - USDA allows planting of Roundup Ready sugar beets  
 2011 - Syngenta's corn variety, genetically engineered to produce an 
enzyme that facilitates ethanol production, approved by USDA.  
(http://www.timetoast.com/timelines/geneticengineering)  
 
GMOs are made primarily in two ways, particle bombardment using a 
gene gun or by using bacterium (Agrobacterium tumefaciens) as a vector.  With 
particle bombardment the desired DNA is coated with gold and shot into the plant 
with a .22 caliber charge.  When using the bacterium as a vector, the bacterium 
is coded with the desired gene. The bacterium has the ability to infect the host 
plant and transmit the desired gene.  These methods are not extremely accurate; 
and the genes cannot be specifically placed within the gene; therefore, it takes 
many attempts to produce a viable plant 
(http://www.popsci.com/science/article/2011-01/life-cycle-genetically-modified-
seed). 
Developing a new GM plant involves multiple steps a few of which are 
listed here.  First, identify a desired trait for the plant such as herbicide tolerance.  
Next locate an organism that is resistant to the herbicide.  Monsanto found an 
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agrobacterium growing in a Roundup factory that produced an amino acid that 
was not affected by glyphosate.  Monsanto used E. coli to reproduce the desired 
gene and an agrobacterium to insert it into the plant.   This is how the Roundup 
Ready technology was created http://www.popsci.com/science/article/2011-
01/life-cycle-genetically-modified-seed).     
 
Testing For GMOs. 
 The field method, for testing plants for the presence of genetic 
modification is done by immuno-based test strips.  These kits test for a specific 
protein found in GMOs.  These kits are very limited due to the degradation of the 
GMO protein when it is subject to heat, grinding and other processing 
techniques.  Therefore these test strips cannot be used on processed foods.  The 
preferred method for GMO detection in foods is PCR (polymerase chain 
reaction).  The PCR technique is a method of amplifying DNA and was invented 
by Kary Mullis in 1983 (Mullis 1990).  PCR gives us the ability of multiplying a 
microscopic portion of DNA into billions of copies, thus aiding in their detection 
and characterization.  
 After the approval of GM crops in the United States and Europe in the past 
few decades, nucleic acids have become an important tool in food analysis 
(Hemmer 1997).  The discrimination between genetically modified or unmodified 
foodstuff can best be achieved at the DNA level (Allmann et al. 1993).  DNA has 
to be extracted at a high level of quantity and quality for PCR analysis.  The type 
and degree of manufacturers’ processing can affect the quality and quantity of 
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DNA; therefore, some foods are more difficult to extract DNA from.  High 
temperatures, drying, mechanical treatment, fermentation and oil extraction and 
refining can cause DNA degradation (Gryson 2009).  Some processed food 
products contain different components from the same species (ex. corn), which 
will appear on the label as a single ingredient (Regulation European Parliament 
2003).  GMO detection in food products is related to the complex zygosity of 
certain crops (ex. corn).  Corn’s endosperm is triploid, the embryo is diploid, and 
the pericarp haploid, the DNA content is different for each tissue type (Zhang et 
al. 2008).   
The DNA quality is determined by its fragment length and degree of 
damage.  The purity of DNA can be assessed by measurement of 𝐴260/𝐴280 and 
𝐴260/𝐴230 UV absorption ratio with a spectrophotometer.  When the 260/280 nm 
absorption ratio is between 1.5 and 2.0 and the 260/230 nm absorption ratio is 
more than 1.7 the extracted DNA should be suitable for PCR analysis (Gryson 
2009).   
 Polymerase chain reaction (PCR) became popular with the introduction of 
thermo stable DNA polymerases.  With two primers, each corresponding to one 
end of the DNA segment to be amplified by PCR, the DNA segment can be 
amplified exponentially within reasonable time (usually less than 3 hours to 
obtain 109 copies) (Holst-Jensen et al. 2003).  PCR is based on the amplification 
of one specific fragment, which reflects the presence of a specific gene of 
interest.  Conventional PCR is usually used as a qualitative assay (the target 
gene is absent or present) (Gryson 2009).  The majority of GM plants have been 
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modified with constructs containing the Cauliflower Mosaic Virus (CaMV) 35S 
promoter (P-35S) and/or the CaMV 35S (T-35S) or the Agrobacterium 
tumefaciens nopaline terminator (T-nos) (Holst-Jensen 2003).  Conventional 
PCR is used to test for the presence of the promoters and terminators (CaMV or 
nos) and not the actual GM gene.   
 To separate DNA using agarose gel electrophoresis, the DNA is loaded 
into pre-cast wells in the gel and an electrical current applied. The phosphate 
backbone of the DNA (and RNA) molecule is negatively charged, therefore when 
placed in an electric field, DNA fragments will migrate to the positively charged 
anode. Because DNA has a uniform mass/charge ratio, DNA molecules are 
separated by size within an agarose gel in a pattern such that the distance 
traveled is inversely proportional to the log of its molecular weight. The leading 
model for DNA movement through an agarose gel is "biased reptation", whereby 
the leading edge moves forward and pulls the rest of the molecule along. The 
rate of migration of a DNA molecule through a gel is determined by the size of 
DNA molecule, agarose concentration, DNA conformation, voltage applied, 
presence of ethidium bromide, type of agarose and electrophoresis buffer. After 
separation, the DNA molecules can be visualized under uv light after staining 
with an appropriate dye (Lee et al. 2012). 
Some consumers and scientists are asking the government to issue 
mandatory labeling for GMOs and claim that GMOs cause health issues in 
humans and in laboratory animals (Seralini et al. 2012).  The Seralini (2012) 
paper helped fuel the anti-GMO movement by publishing photos of a flawed 
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research project involving GMO corn and Monsanto’s herbicide Roundup™ (Arjo 
et al. 2013).  Arjo (2013) offers several explanations why the research is flawed.  
He claims that the producers of maize-based rat feed in North America do not 
specifically exclude GM maize, so if these results were genuine then there would 
be a trend towards a greater incidence of mammary tumors across all rat species 
used in routine testing, which has not been the case.  Furthermore, GM maize is 
used as a staple feed for the breeding of a wide range of domestic animals 
including cattle, pigs, chickens and sheep.  In the European Union countries 
where the cultivation of GM maize is discouraged or prohibited, GM feed stocks 
are fed to domestic animals destine for human consumption.  To date there is no 
concrete scientific evidence that GMOs cause any long-term health issues for 
humans or animals (Arjo et al. 2013)
 
MATERIALS AND METHODS 
USDA Certified Organic and Non-GMO Project Verified food products 
containing corn or soy were purchased from retail stores in Kentucky, 
Tennessee, and various online suppliers (Whole Foods, Trader Joe’s, Kroger, 
Wal-Mart and Amazon).  Due to their popularity, soy and corn were the two crops 
sampled for the presence of genetic modification.    
DNA was extracted using kits from Omega Bio-tek and Dneasy.  Two 
grams of each food product was pulverized with a mortar and pestle in liquid 
nitrogen to prepare the samples for DNA extraction.  The kits utilized silica gel 
membrane technology and allow for extraction of complete DNA.  The quality and 
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quantity of the extracted DNA was measured using a NanoDrop 2000 
spectrophotometer from Thermo Scientific (Figure 1 and 2).  The suitability of the 
samples depends on the reliability of DNA extraction.  An example of a favorable 
result was accomplished with soy flour,  where the heightened detection at 
260nm results in 121.8 ng/𝜇L DNA (Figure 1).  An example of a food product that 
exhibited unusable DNA extraction was with dry corn grits.  The absence of a 
spike at 260nm and the resultant 5.3 ng/𝜇L rendered this sample untestable 
(Figure 2).  
The soy products tested were (1) soy oil, (5) frozen/canned/fresh whole 
soybeans, (2) soy garden seed, (2) roasted soy snacks, (2) soy flours, and (1) 
soy milk.  The corn products tested were (3) frozen/canned corn, (1) 
dried/roasted snacks, (1) mill, (1) flour, (1) grits, (4) cereals, and (2) tortilla chips.  
A summary of the items sampled that we were able to obtain high quality and 
quantity DNA and their packaging appears in Table 1. 
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Table 1. Corn and soy products,  (X) indicates the packaging and processing of 
the products tested for the presence of genetic modification.  
________________________________________________________________ 
Item  (soy)                     Fresh  Canned  Dried  Roasted  Frozen  Whole Ground    
________________________________________________________________ 
Edamame Soybean (EF)             X            X   
Soy Garden Seed (GS)    X              X   
Edamame Soybean (EE)  X                X 
Edamame Soybean (SE)            X             X 
Soy Garden Seed (SS)   X              X      
Soy Flour (SF)         X 
Dry Soybean (DS)    X              X        
Soy-nut (EV)           X             X               
Roasted Soy-nut (S)          X             X 
________________________________________________________________ 
 
Item (corn) 
________________________________________________________________ 
Dried Corn Snack (DC)   X              X 
Frosted Cornflake Cereal (P)  X      
Frozen Corn (C)                X  X          
Frozen Corn (YC)                X          X      
Canned Corn (KK)   X                         X  
Corn Flake Cereal (R)   X     X 
________________________________________________________________ 
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Table 2. Purity, quantity and quality of extracted DNA. 
________________________________________________________________ 
Item Soy               ng/uL        260/280 ratio     260/230 ratio  
________________________________________________________________ 
Edamame Soybean (EF)   79.6     1.89               2.43  
Soy Garden Seed (GS)  28.7     1.95     3.35 
Edamame Soybean (EE)  43.9           1.91     1.50 
Edamame Soybean (SE)  53.7     1.92     1.96 
Soy Garden Seed (SS)  49.8     1.99                         1.89                   
Soy Flour (SF)           121.8     1.76     1.26                    
Dry Soybean (DS)   67.7      1.82     1.93           
Soy-nut (EV)    41.8     1.83     1.51 
Roasted Soy-nut (S)  91.7       1.86     1.75 
Soy Oil (SO)      4.6     1.45     2.32 
Soy Canned (CS)     7.4     2.21     0.59 
Soy Bulk Yellow (YS)    1.6     2.29    -0.91 
Soy Flour (HM)     3.1     1.43    -0.35 
Soy Milk (MS)     3.6     1.77                         2.08      
________________________________________________________________ 
 
Item Corn   
________________________________________________________________ 
Dried Corn Snack (DC)  37.2     1.83              2.23  
Frosted Cornflake Cereal (P)   47.3     1.81     1.32  
Frozen Corn (C)   22.6     1.76     0.77   
Frozen Corn (YC)   57.4     1.93     2.01 
Canned Corn (KK)   42.8     1.79     1.66   
Corn Flake Cereal (R)  32.3     1.74     1.96 
Corn Puff Cereal (AA)    0.5     3.20     0.98 
Corn Mill (CM)     2.7     1.21     0.66 
Corn Flour (CF)     9.3     2.08     2.54 
Corn Grits (CG)     5.3     1.15               4.70 
Corn Chips (TC)     4.3     2.93     1.36 
Corn Chips (II)     2.4     1.63    -3.63 
Corn Flake Cereal (TF)   15.5          1.69     0.42  
________________________________________________________________ 
 
Table 2 is a list of products that we attempted to extract DNA from, and 
their perspective quantity and purity is indicated.  Soybean ingredients yielded a 
higher quantity and quality of DNA on a consistent basis then did the corn 
ingredients.     
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Figure 1. Nanodrop printout DNA for soy flour showing high quantity and quality 
DNA. 
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Figure 2. Nanodrop print out DNA for dry corn grits showing poor quantity and 
quality DNA. 
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Table 3. Sequences of primers used in this study. 
________________________________________________________________ 
Primer  Sequence (5’-3’) 
________________________________________________________________ 
CaMV f  GCTCCTACAAATGCCATCA 
CaMV r  GATAGTGGGATTGTGCGTCA 
nos f   GCATGACGTTATTTATGAGATGGG 
nos r   GACACCGCGCGCGATAATTTATCC 
16S f   ACGGGTGAGTAACGCGTAAG 
16S r   CTTCCAGTACGGCYACCTTG 
________________________________________________________________ 
 
Polymerase Chain Reaction (PCR) was used to multiply specific DNA 
segments. CaMV forward and reverse primers (f&r), nos (f&r) and 16S 
(ribosomal subunit) primers were added (Table 3).   CaMV and nos are used to 
insert the desired trait into the host organism they work as a biotech Trojan horse 
and are located at the beginning and end of the desired DNA sequence. The 
samples were placed in a DNA Thermal Cycler, Eppendorf Mastercycler from 
Hamburg, Germany, and subjected to temperature changes ranging from 56ᵒC to 
94ᵒC for approximately three hours to allow the desired fragments of DNA to 
multiply sufficiently for subsequent detection. 
The presence of the cauliflower mosaic virus (CaMV) and/or the nopaline 
synthase (Nos) genes are used as indicators of genetic modification. These can 
be detected by gel electrophoresis using a 1% agarose gel in 1X TAE buffer. A 
100bp ladder control was compared to the extracted DNA (3 𝜇L of dye was 
mixed with 7 𝜇L of DNA) and analyzed for the presence of genetic modification 
(figures 3 and 4).   
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Results 
The DNA quality is determined by its fragment length and degree of 
damage.  The purity of DNA can be assessed by measurement of 𝐴260/𝐴280 and 
𝐴260/𝐴230 UV absorption ratio with a spectrophotometer.  When the 260/280 nm 
absorption ratio is between 1.5 and 2.0 and the 260/230 nm absorption ratio is 
more than 1.7 the extracted DNA should be suitable for PCR analysis (Gryson 
2009).  In Table 2 the quantity and quality of DNA was measured for the food 
products in the test.  We decided to use only the products that measured 22.6 
ng/𝜇L or more and with a 260/280 nm ratio between 1.74 and 1.99 and a 260/230 
ratio between 0.77 and 3.35.  Any extracted DNA not meeting these 
requirements was not tested for genetic modification.  For the soy products that 
were within our limits but not in the ideal limits are Edamame Soybean (EE), Soy 
Flour (SF), and Soy-nut (EV).  Corn products that fell within the same limits are 
Frosted Cornflake Cereal (P) and Frozen Corn (C).  All other products are within 
the ideal testing limits of 1.5 to 2.0 for the 260/280 ratio and greater than 1.7 for 
the 260/230 ratio.     
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Figure 3. Image of agarose gel stained with ethidium bromide.  Lanes 1 – 100bp 
ladder, lanes 2,5,8 presence of 16S - lanes 3,6,9 presence of CaMV – lanes 
4,7,10 presence of nos.  Lanes 2-4 sample roasted soynut – Lanes 5-7 frosted 
corn flake cereal – Lanes 8-10 canned corn. 
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Figure 4. Image of agarose gel stained with ethidium bromide.  Lanes 1 – 100bp 
ladder, lanes 2,5,8 presence of 16S - lanes 3,6,9 presence of CaMV – lanes 
4,7,10 presence of nos.  Lanes 2-4 sample dried corn snack – Lanes 5-7 Soy 
garden seed (Handy)– Lanes 8-10 soy garden seed (Fiskeby). 
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Table 4. The presence or absence of CaMV or nos primers in soy and corn items 
tested and the type of label USDA certified organic (USDA) and Non-GMO 
verification Project (Non-GMO).
________________________________________________________________ 
Item (soy)     CaMV        nos        USDA     Non-GMO 
________________________________________________________________ 
Edamame Soybean (EF)    Yes        Yes         Yes    No 
Soy Garden Seed (GS)   Yes        Yes         Yes    No 
Edamame Soybean (EE)   No        No          Yes    Yes 
Edamame Soybean (SE)   No        No           No    Yes 
Soy Garden Seed (SS)   Yes        Yes         Yes    No 
Soy Flour (SF)    Yes        Yes         Yes    No 
Dry Soybean (DS)    No        No  Yes    No 
Soy-nut (EV)     Yes        Yes         Yes    No 
Roasted Soy-nut (S)   Yes        Yes         Yes    No 
 
Item (corn) 
________________________________________________________________ 
Dried Corn Snack (DC)   Yes        Yes         Yes    No 
Frosted Cornflake Cereal (P)  Yes        Yes         Yes    No 
Frozen Corn (C)    Yes        Yes         Yes    No 
Frozen Corn (YC)    No        No  Yes    No 
Canned Corn (KK)    Yes        Yes         Yes    Yes 
Corn Flake Cereal (R)   Yes        Yes         Yes    Yes 
________________________________________________________________ 
 
 
Products that tested positive for genetic modification are listed in table 4, 
through the presence of CaMV and nos, and the label that appeared of the food’s 
packaging.   Six soy and three corn products that carried the USDA label and no 
Non-GMO label tested positive for the presence of CaMV and nos.  Two corn 
products that contain both labels tested positive for CaMV and nos.  A single soy 
product and one corn product had a USDA label and no Non-GMO label and 
tested negative for CaMV and nos.  One soy product had only the Non-GMO 
label and tested negative for CaMV and nos.  One soy product contained both 
labels and tested negative for CaMv and nos.      
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Table 5. Total number and percentage of soy and corn samples tested positive 
and negative for each agency, USDA certified organic (USDA) and The Non-
GMO Verified Project (NGV).  
________________________________________________________________ 
                       Soy USDA            Soy NGV          Corn USDA          Corn NGV  
                      _________           _________      ____________    ____________ 
Positive   6 - 75%            0 – 0%      5 – 83.3%            2 –100% 
                    
Negative  2 –25%            2 – 100%      1 – 16.6%          0 – 0%  
________________________________________________________________ 
 
 Table 5 indicates that 75% of USDA Certified Organic soy products are 
positive for genetic modifications whereas none of the Non-GMO verified soy 
products tested positive for genetic manipulation.  For USDA Certified Organic 
corn, 83.3% and 100% Non-GMO verified corn tested positive for genetic 
modification.    
 
Discussion 
 In this project a qualitative PCR method was employed to determine the 
presence of CaMV and or nos, thus implying that an ingredient in the food stock 
has been genetically modified.  Testing certified organic and non-GMO project 
products could have a profound impact on the marketing of these products.  For 
this study corn showed a higher incident of contamination than soy with the non-
GMO label testing at 100% contamination for corn.  This contamination for corn 
may be at a higher rate than for soy because corn is cross-pollinated whereas 
soy is self-pollinated.  The USDA certified label had a higher incident for 
contamination in soy than the non-GMO labeled foods (100% negative).  As this 
project started, both organizations had stricter rules on the presence of genetic 
contamination.  As of now the rules are less stringent and the labels do not 
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reflect that.  If consumers truly understand that these products may not be free of 
genetically modified ingredients they may not receive higher prices for these 
products.  More research needs to be done on these products along with 
educating the public.  More studies that include quantitative results and types of 
modifications could be performed to determine the amount of GM material in the 
products.  Companies like Chipotle™ advertise organic and farm raised products 
and sell products like Coke™ that contain high fructose corn syrup and the public 
has no clue.  McDonald’s™ refused to use genetically modified potatoes in their 
fries, however they sell corn and soy raised beef this is misleading and 
hypocritical.  Companies that advertise “healthy”, “organic” or other terms that 
can be misleading should be labeled “contains up to ‘x’ amount of GM 
ingredients” or “raised using GM crops”.  If the products are truly free of genetic 
modification they should be able to claim GM free or organic.  The public has 
cried out for labeling all GMO products.  What would the standard be?  Would 
these “organic” or “non-GMO verified” carry a GMO label because they contain 
amounts of genetically manipulated genes?  Should all products be labeled “may 
contain trace amounts of GMO’s”?    
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Conclusion 
Our results suggest that a high probability of genetic modification exists in 
USDA Certified Organic foods with less incidence occurring in Non-GMO certified 
foods.  As the project began the NOP along with the Non-GMO verified project 
had strict rules against GMOs in the labeled products.  However as time has 
passed the NOP has changed rules for a low tolerance to “organic is a 
production method”.  As long as the producer follows all the NOP rules the 
product can be labeled as “organic”, even if it contains GMOs.  Therefore, the 
public maybe misled by the “organic” and “Non-GMO” labels.  These labels 
should read as “not made from genetically modified ingredients, however may 
contain trace amounts of GMOs”.  
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Table 6. Below is a list of known crops and their type of modification. 
Some of these traits have not been released for commercial use. 
________________________________________________________________ 
Crop             Type of modification 
________________________________________________________________ 
Alfalfa - Medicago sativa glyphosate tolerance 
Apple - Malus x Domestica Non-Browning Phenotype 
 
antibiotic resistance 
Argentine Canola - Brassica napus Modified oil/fatty acid 
 
glyphosate tolerance 
 
glufosinate tolerance 
 
Male sterility 
 
Fertility restoration 
 
Phytase production 
 
antibiotic resistance 
Bean - Phaseolus vulgaris viral disease resistance 
Carnation - Dianthus caryophyllus sulfonylurea tolerance 
 
modified flower color 
 
delayed ripening/senescence 
Chicory - Cichorium intybus glufosinate tolerance 
 
Male sterility 
 
antibiotic resistance 
Cotton - Gossypium hirsutum L. sulfonylurea tolerance 
 
glufosinate tolerance 
 
lepidopteron insect 
resistance 
 
glyphosate tolerance 
 
antibiotic resistance 
 
oxynil herbicide tolerance 
 
2,4-D herbicide tolerance 
Creeping Bentgrass - Agrostis 
stolonifera glyphosate tolerance 
Eggplant - Solanum melongena  
lepidopteron insect 
resistance 
 
antibiotic resistance 
Flax - Linum usitatissumum L. sulfonylurea tolerance 
 
antibiotic resistance 
 
nopaline synthesis 
Maize - Zea mays L. glufosinate tolerance 
 
glyphosate tolerance 
 
lepidopteron insect 
resistance 
 
Male sterility 
 
Fertility restoration 
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modified alpha amylase 
(biofuel) 
 
mannose metabolism 
 
coleopteran insect resistance 
 
sulfonylurea tolerance 
 
2,4-D herbicide tolerance 
 
modified amino acid 
Melon - Cucumis melo delayed ripening/senescence 
 
antibiotic resistance 
Papaya - Carica papaya viral disease resistance 
 
antibiotic resistance 
Petunia - Petunia hybrida modified product quality 
Plum - Prunus domestica viral disease resistance 
 
antibiotic resistance 
Polish canola - Brassica rapa glufosinate tolerance 
 
glyphosate tolerance 
Poplar - Populus sp. 
lepidopteron insect 
resistance 
 
antibiotic resistance 
 
multiple insect resistance 
Potato - Solanum tuberosum L. coleopteran insect resistance 
 
antibiotic resistance 
 
modified starch/carbohydrate 
 
reduced acrylamide potential 
 
black spot bruise tolerance 
 
viral disease resistance 
 
glyphosate tolerance 
Rice - Oryza sativa L anti-allergy 
 
antibiotic resistance 
 
lepidopteron insect 
resistance 
 
glufosinate tolerance 
Rose - Rosa hybrida modified flower color 
Soybean - Glycine max L. glyphosate tolerance 
 
glufosinate tolerance 
 
Modified oil/fatty acid 
 
antibiotic resistance 
 
sulfonylurea tolerance 
 
2,4-D herbicide tolerance 
 
lepidopteron insect 
resistance 
 
isoxaflutole herbicide 
tolerance 
 
dicamba herbicide tolerance 
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enhanced 
photosynthesis/yield 
 
mesotrione herbicide 
tolerance 
Squash - Cucurbita pepo viral disease resistance 
 
antibiotic resistance 
Sugar Beet - Beta vulgaris glyphosate tolerance 
 
glufosinate tolerance 
 
antibiotic resistance 
Sugarcane - Saccharum sp drought stress tolerance 
 
antibiotic resistance 
Sweet pepper - Capsicum annuum viral disease resistance 
Tobacco - Nicotiana tabacum L. nicotine reduction 
 
antibiotic resistance 
Tomato - Lycopersicon esculentum delayed ripening/senescence 
 
lepidopteron insect 
resistance 
 
antibiotic resistance 
 
delayed fruit softening 
 
viral disease resistance 
Wheat - Triticum aestivum glyphosate tolerance 
  _______________________________________________________ 
(http://www.isaaa.org/gmapprovaldatabase/default.asp) 
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